Abstract. Canine babesiosis is a tick-borne parasitic disease caused by the intraerythrocytic parasites, Babesia canis and Babesia gibsoni. A lethargic, weak, American Staffordshire Terrier (pit bull) dog, which had regenerative, normocytic, normochromic anemia, was shown by polymerase chain reaction analysis to be infected with B. gibsoni. Transmission electron microscopy of ethylenediamine tetraacetic acid-treated blood disclosed many well-preserved, intraerythrocytic babesia trophozoites. Four morphologic forms of babesia trophozoites are described (small spheres, small rods, irregular forms lacking pseudoinclusions, and large spheres having pseudoinclusions) and are compared with intraerythrocytic forms of B. canis and B. gibsoni described in other light and electron microscopic studies of in vivo and in vitro Babesia infections. This is the first detailed transmission electron microscopic study of canine B. gibsoni-infected red blood cells in North America. lethargy, and weakness. On clinical examination, the dog had pale mucous membranes. Flea-and heartworm-related anemia was suspected. Blood transfusion was performed from a Greyhound donor, and the animal was treated for fleas. The animal recovered quickly. Seven months later the animal was presented for pale mucous membranes. At this second presentation, the animal was energetic with a good appetite. The occult heartworm test was negative. A complete blood count, hematology, and serum profile were performed on samples submitted to The University of Georgia Veterinary Diagnostic and Investigational Laboratory at Tifton, Georgia.
The hematology profile revealed that the dog had normocytic, normochromic anemia (red blood cell [RBC] count was 3.03 ϫ 10 6 /l, reference range, 5.5-8.5; hemoglobin concentration was 6 g/dl, reference range, 12-18; hematocrit was 18.9 fl, reference range, 37-55; mean corpuscular volume was 62.4, reference range, 60-77; mean corpuscular hemoglobin was 19.8 pg, reference range, 19.5-24.5). The anemia was regenerative and characterized by 2ϩ polychromasia, anisocytosis, and 2ϩ nucleated RBC. The normal total protein (5.8 g/dl; reference range, 5.4-7.4), normal albumin (2.9 g/dl; reference range, 2.7-4.5), normal total bilirubin (0.2 mg/dl; reference range, 0-0.4), 1ϩ spherocytosis, decreased mean corpuscular hemoglobin concentration (31.7%; reference range, 32-36), lack of hemoglobinemia, and hemoglobinuria were consistent with extravascular hemolysis or anemia of chronic disease. Microcytosis was due to iron depletion. Mild thrombocytopenia (89 ϫ 10 3 /l; reference range, 200-500) was also present. With the exception of moderate monocytosis (3.1 ϫ 10 3 cells/l; reference range, 0.15-1.35), the white blood cell differential was within reference limits. There were erythrophagocytosis, occasional giant platelets, and 3ϩ hypersegmented neutrophils.
Several blood smears were stained using Wright stain and examined. Within many RBC there were variably sized (1-3 m in diameter), single to multiple, and round to oval to band-like piroplasms consistent with Babesia spp. Blood samples submitted to North Carolina State University were positive for Babesia gibsoni by polymerase chain reaction (PCR) analysis.
For transmission electron microscopy (EM), cells in a few drops of the ethylenediamine tetraacetic acid (EDTA)-treated blood specimen were pelleted, fixed with formaldehyde/ glutaraldehyde and osmium, dehydrated, and infiltrated with Spurr epoxy resin. Sections 0.5 m thick were stained with toluidine blue-O for examination by light microscopy. Areas of interest in the 0.5-m-thick sections were selected for ultrastructural examination, and 70-90-nm-thick sections of these areas were cut, stained with lead citrate and uranyl acetate, and examined by EM.
Light microscopy of the 0.5-m-thick sections indicated that there were 2 morphologic types of B. gibsoni trophozoites present in erythrocytes and that these 2 types occurred with about equal frequency. These trophozoites appeared as 1) large, spherical/oval cells, no more than 2 m in diameter, with pale cytoplasm that surrounded intensely stained pseudoinclusions and 2) large, irregular, pale blue cells that were 2 m or less in length and that lacked pseudoinclusions. In general, the trophozoites were located near the margins of their host cells. Light microscopy also suggested that relatively few erythrocytes contained trophozoites.
In contrast, EM of ultrathin sections from the same areas indicated there were 4 and not 2 morphologic types of Babesia trophozoites and that Babesia-infected RBCs were much more common than suggested by light microscopic examination of the 0.5-m-thick sections.
Four morphologic categories of Babesia trophozoites, including the 2 observed by light microscopy, were recognizable by EM: 1) small, spherical to oval trophozoites (average dimensions, 0.18 ϫ 0.26 m; maximum diameter, 0.68 m; n ϭ 17; no pseudoinclusions) ( Fig. 1A) . These small spherical/oval Babesia trophozoites were the most commonly encountered morphological form. 2) Irregular trophozoites of various shapes, but similar maximum dimensions (e.g., teardrop-shaped forms with narrow or broad necks; elongated, straight, or curved forms with symmetrically swollen ends that narrow gradually to a thin, central isthmus; and pleomorphic or ameboid forms) (maximum cell length, 1.7 m; n ϭ 14) ( Figs. 1B-1E ). The irregular trophozoites were slightly less common than the small spherical/oval trophozoites. 3) Large, spherical to oval trophozoites with prominent slightly eccentric pseudoinclusions (actually invaginations of host cell cytoplasm) (average trophozoite dimensions, 1.35 ϫ 1.65 m; maximum trophozoite diameter, 2.0 m; average pseudoinclusion dimensions, 0.63 ϫ 0.85 m; maximum pseudoinclusion diameter, 1.5 m; n ϭ 7) ( Fig.  1F) . Rare, narrow, band-like trophozoites in the form of deep C shapes were interpreted to be longitudinal sections of large, oval trophozoites that had relatively large pseudoinclusions with a broad connection to the surrounding erythrocytic cytoplasm (Fig. 1G) . Irregularities in the shape of the pseudoinclusion occasionally created the impression that a large spherical/oval trophozoite contained another much smaller trophozoite (Fig. 1H) . The large spherical/oval trophozoites were infrequent. 4) Small, rod-shaped trophozoites (average dimensions, 0.33 ϫ 1.77 m; maximum dimension, 2.26 m; n ϭ 3; no pseudoinclusions). These small rodshaped trophozoites were rare.
The large spherical/oval trophozoites occurred singly and were almost always at a distance from any other trophozoites within the same erythrocyte. The small spherical trophozoites occurred singly and in clusters, usually of 4 or fewer trophozoites of similar size and shape, although 1 group of 11 small spherical trophozoites included cells of various diameters. The irregular trophozoites usually occurred in small, sometimes crowded, groups of 2-3, rarely 4 or 5, organisms. Occasionally, 2 or 3 irregular trophozoites would appear to be interconnected at their apices, as though incompletely separated after cell division (Fig. 1E) . A maximum of 12 trophozoites, all small spherical forms of various diameters, were observed within a single erythrocyte.
The 4 types of Babesia trophozoites were similar ultrastructurally, with the exception of the pseudoinclusions, which occurred only in the large, spherical/oval trophozoites. Without exception, B. gibsoni trophozoites were bounded by a unit membrane; there were no indications of a pellicle, and there were no parasitophorous vacuoles. The cytoplasm was generally diffuse, with scant, more-or-less evenly distributed ribosomes, 1 to several bodies bounded by double membranes (Fig. 1B) , a single nucleus, a single strand of endoplasmic reticulum with few to many attached ribosomes (Fig. 1H ), occasional vacuoles (some which may have been cisternae of the endoplasmic reticulum), and multivesicular bodies (Fig. 1F) . The nuclei contained moderately electrondense, diffuse, fibrogranular material, lacked nucleoli, and were surrounded by a loose, irregular double membrane with a prominent, unevenly broad perinuclear space (Figs. 1E,  1H ). Occasionally large, spherical/oval trophozoites and irregular trophozoites contained 1 or more small, electron- Figure 1 . Electron micrographs of Babesia gibsoni trophozoites in erythrocytes from a pit bull dog with normocytic, normochromic anemia, A-H, and of an erythrocyte, a ropalocytic reticulocyte, and B. gibsoni trophozoites from a second pit bull dog that was diagnosed with severe anemia, I, J. All trophozoites illustrated are located near the margins of their host cells. A, a group of small spherical/oval trophozoites, some of which contain small, dense bodies (arrowheads). B, a teardrop-shaped trophozoite with 2 double-walled bodies (arrowheads) (n, nucleus). C, a pair of closely associated, irregularly shaped trophozoites (n, nucleus). D, an amoeboid trophozoite (n, nucleus). E, irregular trophozoites (n, nucleus; arrowhead, possible bridge to a third trophozoite lying outside the section). F, a large spherical/oval trophozoite with a pseudoinclusion (asterisk) (n, nucleus). G, a large, spherical/oval trophozoite in which the plane of sectioning passed through the broad base of an invagination (asterisk) of host cell cytoplasm (arrow, multivesicular body; n, nucleus). H, a large spherical/oval trophozoite with a cytoplasmic invagination (asterisk), which surrounds a protruding segment of the inner region of the trophozoite (n, nucleus; small arrows, longitudinally sectioned dense bodies; large arrow, endoplasmic reticulum; arrowhead, doublewalled body). I, a yoke-shaped trophozoite with symmetrically swollen ends. J, an erythrocyte with an intracellular Babesia trophozoite (arrow, pseudoinclusion) and a reticulocyte with ropalopodia (arrowheads). Bars ϭ 1 m. dense bodies (Figs. 1A, 1E, 1H) . When sectioned longitudinally, these dense bodies appeared as moderately to very electron-dense, bacilliform to tubular, membrane-bound structures, usually 40-45 nm ϫ 90 nm. Rarely, they appeared as short, sinuous tubules, no longer than 125 nm, which were filled with moderately electron-dense material (Fig. 1H) . When cross-sectioned, they appeared as very electron-dense, spherical to oval granules, 40-45 nm in diameter, with no detectable bounding membrane (Fig. 1A) . In 1 or 2 instances, a loose cluster of these microneme-like bodies occurred to 1 side of the nucleus of a large spherical/ oval trophozoite. Apical complexes, rhoptry-like bodies, and microtubules were not observed.
Wright-stained blood smears prepared from a specimen of EDTA-treated blood from another pit bull dog (diagnosed with severe hemolytic anemia) contained numerous trophozoites that were consistent with B. gibsoni. During EM of blood cells from this dog, numerous intraerythrocytic parasites were detected (Figs. 1I, 1J ). Despite the poor ultrastructural preservation of these parasites, they were similar in shapes, sizes, and generalized ultrastructure to the B. gibsoni trophozoites described above. Unexpectedly, moderate numbers of reticulocytes with marked ropalocytosis were observed during EM (Fig. 1J) . Ropalocytosis is the formation of branched and unbranched cell processes that are not visible by light microscopy. Ropalocytic cell processes are characterized by club-shaped profiles.
Canine babesiosis is a tick-borne parasitic disease caused by Babesia canis and B. gibsoni and has been documented previously to infect RBC of dogs. 4 These blood parasites are transmitted by ticks, such as Haemaphysalis sp., Rhipicephalus sp., or Dermacentor sp. 7, 8, 11 Babesia gibsoni causes canine babesiosis in both wild and domestic canids and has a wide geographical distribution. 17 American Pit Bull Terriers/ American Staffordshire Terriers are the breeds most commonly affected with B. gibsoni in the midwestern and eastern United States. 2, 10 Clinical signs range from hemolytic anemia, lethargy, anorexia, and thrombocytopenia to subclinical infection. Marked T-and B-lymphocyte expansion, vasculitis, and glomerulonephritis have been reported after B. gibsoni infection. 18 Babesia gibsoni infection can be misdiagnosed as an immune-mediated hemolytic anemia. Identification of intraerythrocytic parasites in Giemsa-stained blood smears and PCR can be used as diagnostic tests for the detection of B. gibsoni. 10 The morphology and ultrastructure of B. gibsoni trophozoites observed in this study were similar to what has been reported for trophozoites of Asian isolates of B. gibsoni in experimentally infected dogs 1, 3, 5, 14 and in cultured erythrocytes 17 but different from what has been described for B. canis in vitro 12, 13, 17 or in infected dogs. 3 The large, spherical to oval trophozoites with pseudoinclusions of erythrocyte cytoplasm and a maximum diameter of 2 m in ultrathin and 0.5-m sections and 3 m in blood smears correspond to the oval or spherical cells, 3 the signet ring forms, 5 the small stages, 14 and the small spheres 17 described previously. The purified B. gibsoni trophozoites (1 m in diameter, no pseudoinclusions) 1 probably represent large, spherical/oval trophozoites (2 m in diameter), which lost their 1-m-diameter pseu-doinclusions during purification, possibly from cellular compression during centrifugation. The small spherical/ oval trophozoites that lacked pseudoinclusions are similar to the young rings 5 and the dot forms 14 described previously, and the small rods lacking pseudoinclusions are similar to comma forms. 14 There were no trophozoites with diameters Ͼ2 m when observed by EM or 3 m in blood smears or with more than 1 pseudoinclusion per trophozoite, such as have been reported for B. gibsoni in cultured erythrocytes. 17 There were no Maltese cross forms, large pyriform cells, or extracellular bodies similar to those that have been described for B. canis. 17 Although the clustering and close association observed among the small spherical/oval trophozoites and among the irregular trophozoites is suggestive of cell division, it may have resulted from absorption of released trophozoites. Also, there were no unambiguous connections between such trophozoites, there was no suggestion of organelles, such as pellicles, rhoptries, and polar rings, that have associated with active division of B. gibsoni trophozoites, 3 and there were no bi-or multinucleated cells.
Erythrocytic ropalocytes have not been reported previously in dogs infected with B. gibsoni. Ropalocytosis of erythrocytes (quite rare), reticulocytes (common), and normoblasts (less frequent) has been observed in bone marrow and peripheral blood after kidney transplants, in cases of normocytic, normochromic anemia associated with hairy cell leukemia, with Brucella hepatitis, and after various drug treatments in humans. 6 It is a condition that is only detectable at the EM level, and it is most likely a nonspecific response to acute anemia.
Imidocarb dipropionate, dimenazene aceturate, isometamidium, and amicarbalide have been used to treat canine babesiosis. 15, 16 These drugs may help decrease the clinical signs; however, there are no effective drugs that completely clear the infection. So far, imidocarb dipropionate has been ineffective in this case. Also, because there is mixed acid-base disturbances in canine babesiosis, 9 supportive therapy should be used.
